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ABSTRACT

AIM: To compare the bronchodilating and antiinflammatory effects of ora racemicformoterol (rac-FMT) and (R,
R)-formoterol (R,R-FMT). METHODS: Thechanges of lung resistance (R, ), dynamic lung compliance (C,,,,), and
the accumulation of inflammatory cellsin bronchoalveol ar lavage fluids (BALF) induced by ovalbumin aerosol in
sendtized guinea pigs and mice were investigated in vivo. RESULTS: Mean value increase of R, and mean value
reduction of C,, from 1to 30 min after antigen challenge were up to 101 %+34 % and 42 %7 %, respectively.
rac-FMT 0.5, 1.0, and 2.0 mg/kg, and R,R-FMT 0.25, 0.5, and 1.0 mg/kg ig, induced dose-related inhihition of the
bronchocongrictive responses to aerosolised ovalbumin. 1D, (95% confidencelimits, 95% CL) vaueof rac-FMT
on R, maximal increase and C,,, maximal reduction at 5 min were 0.64 (0.54-0.76) and 1.02 (0.88-1.18) mg/kg,
respectively. For R,R-FMT they were 0.46 (0.40-0.53) and 0.52 (0.45-0.61) mg/kg, respectively. 1D.,(95% CL)
value of rac-FMT on R, mean increase and C,,, mean reduction from 1 to 30 min were 0.96 (0.86-1.07) and 1.59
(1.32-1.92) mg/kg, respectively. For R,R-FMT they were 0.52 (0.45-0.59) and 0.43 (0.37-0.51) mg/kg, regpectively.
Ovalbumin-aerosol chalengeinduced an increase of inflammatory cellsin BALF in senstized mice. rac-FMT and
RR-FMT caused adose-dependent and amost complete inhibition at 2.0 mg/kg. 1D, (95 % CL) of rac-FMT on the
number of total inflammatory cells and eosnophil in BALF were 1.48 (1.22-1.81) and 0.80 (0.62-1.04) mg/kg,
respectively. IDg, (95 % CL) of RR-FMT were 0.80 (0.57-1.13) and 0.60 (0.43-0.83) mg/kg, repectively.
CONCLUSION: R,R-FMT protected lung againgt increase of R, and reduction of C,,, induced by bronchial chal-
lenge of ovalbumin in the asthma modd of guinea pigs, and inhibited airway inflammation in the sensitized mice.
Efficacy of R,R-FMT was approximately 2-fold than that of rac-FMT.

INTRODUCTION lator agent in asthma and chroni ¢ obstructi ve pul mo-
Racemic formoterol (rac-FMT) isa long acting nary disease?. The marketed form of formoterol isa

and S isomers. Rac-FMT activity residesin the (R, R)-
enantiomer whilg the (S,S) form isessertialy inactive.
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FMT)!. Thetherapeutically active, long-acting b, ago-
nig R,R-FMT iscurrently being developed according
to the logic, and preliminary results suggest rapid im-
provementsin forced expiratory volumeinfirst second
(FEV,)) with up to 24-h duration of agion inthe dinica
test!”,  Pharmacol ogical activities of rac-FMT and
R,R-FMT have been compared; al have been in vitro
involving airway tissue from horsd®!, guinea-pig, and
man'® except anti-bronchocongrictive activities of in-
haled rac-FMT and R, R-FMT in the rhesus monkey in
vivo recently!”. We have compared the bronchodilating
effect of rac-FMT and R,R-FMT on Chinese bronchus
in vitro (unpublished data made by our Lab). Inthe
present sudy, we compared the bronchodilating and
antiinflammatory activities of oral rac-FMT and
R,R-FMT in asthmamode in vivo.

MATERIALSAND METHODS

Animals Hartley guinea pigsof either sex weigh-
ing (315xs 22 g) and NIH mae mice weighing (22.5+
s 1.5 g) were perchased from Laboratory Animal Cen-
ter of Malical School of Zhgjiang University (Grade I,
Certificate No 220010014 conferred by Zhejiang Medi-
ca Laboratory Anima Adminigtration Committee).

Drugs Rac-formoterol (purity >99.9 %) and
R, R-formoterol (enantiomericpurity >99.6 %) were s/n-
thesized at Tianjing Drugs Research Indtitute; egg albu-
min (Reagent grade Il and V, Sigma, USA); pentobar-
bitd sodium (Union, Belgium); heparin sodium (Xuzhou
Biochemica Pharmaceutical Factory).

Ovalbumin-induced changes of R, and C,, in
sensitized guinea pig ‘

Sensitizing procedures Guinea pigs were sen-
stized by a sngleintraperitoneal injection (ip) of oval-
bumin (grade 11110 mg mixed with 100 mg of a umi-
num hydroxide in sdline 1.0mL per animal. These ani-
malswere used 25 - 35 d later for aerosol challenge
with ovalbumin.

Treatment procedures To determine dose-
effect, in our preliminary experiments, guinea pigswere
administered with rac-FMT and R, R-FMT of 0.125,
0.25, 0.5, 1.0, 2.0, and 3.0 mg/kgby intragastric gav-
age (ig). To determine time-effect, we referenced hu-
man pharmacokinetic parameter of ora rac-FMT® and
time-effect relation of animal pharmacodynamicparam-
eter of intravenous injection (iv) rac-FMT!™, Finaly,
the dose- ranges were definited with rac-FMT 0.5, 1.0,
and 2.0 mg/kgor R,R-FMT 0.25, 0.5,and 1.0 mg/kg at
1.0 h before antigen challenge.

R, and C,,, measurement The sndtizedguinea
pigs were anesthetized with pentobarbital sodium (30
mg/kg) and placed in awhde body plethysmograph for
the measurement of R, and C,,/*”. The sensitized ani-
mal s were treated with rac-FMT, R,R-FMT, and sdline
1.0 h beforea 1-min exposure to an aerosol of ovalbu-
min (gradell) 5.0 g/L in saline which wasgenerated in
ajet nebulizer (particlesze 1-5 mm; BARI, MASTER,
Germany). After antigen challenge R, and C,,, were
monitored for 30 min and maximal changes from
basaline for each parameter were recorded by a Medlab
(V 5.0, Medease Scientific Technic Co Ltd, Nanjing).
The effect of rac-FMT or R, R-FMT was determined
by comparing the ovalbumin-induced changesin R, and
Cyn after drug treatment with the mean of antigen re-
sponses al one in the same guinea pig on previous and
success ve control periods.

Ovalbumin-induced airway inflammation in
sensitized mice

Sensitizing procedures NIH mice were sens-
tized by subcutaneousinjection (sc) a d O with antigen
ovabumin (grade V) 1 mg mixed with auminium hy-
droxide adjuvant 50 mg in saine 0.2 mL, at footpad,
neck, back, and groin. Control animals recelved saine
at the same points™.

Treatment procedures Onetime every day for
7 d and 1 h before antigen challenge, treatment mice
were administered with rac-FMT or R,R-FMT 0.5,
1.0,and 2.0 mg/kgat 1.0 h before antigen challenge.
Challenged control mice were injected ig with sdline.

Antigen challenge After treatment, mice were
placed in a4-L bel cover and chalenged by exposure
to an aerosol of ovabumin 10 g/L in saline which was
generated in a jet nebulizer for 20 min, and one time
every day for 7 d. Control mice weresmilarly exposed
to an aerosol of sdine.

Cell recovery and counts From theairway lu-
men of miceat 24 h after thelast time antigen challenge,
mice wer e anesthetized with urethane 2 g/kg, ip, and
the trachea was cannul ated. Bronchoalveolar lavage
was performed by flushing the airways with saline 1.0
mL per mouse containing 1 % bovine serum abumin
and 1 kU/L heparin sodium through the tracheal can-
nulafor three flushing. Counts of total number of in-
flammatory cells recovered in bronchoal veolar |avage
fluids (BALF) were made using a Neubauer chamber.
BALF was centrifuged (Eppendorf Centrifuge 5804R,
Germany) at 500xg for 10min at 4 ° C, the cellsdeposit
was resuspended in 0.2 mL saline containing
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10 % bovine serum abumin, and smeared on adide,
differentia cell analysswas made under light micros-
copy after Wright-Gieamsa gstaining.

Statistical analysis Data are expressed as
meantSD. A datistical anaysswas performed usng
aone-way analyss of variance (Student-Newman-Keuls
test). 1D, (95% confidence limits) wascal culated and
compared by weighted probit anayss of Bliss method.

RESULTS

Antigen-induced changes of R, and C,, in sen-
sitized guinea pigs Comparision with baseline vaue
before aerosol challenge of antigen, bronchia challenge
of ovabumin-sensitized guinea pigsinduced 140 % in-
crease of R, and 49 % reduction of C,, with maximal
response a5 min. Mean value increase of R, and mean
value reduction of C, from 1 to 30 min after antigen
chalenge were up to 101 %+34 % and 42 %7 %,
respectively in saline group. rac-FMT 0.5, 1.0, and
2.0 mg/kg, administered by ig, induced dose-related in-
hibition of the bronchoconstrictive responses to
aerosolised ovabumin. Maximal increase of R, andre-
duction response of C,, a 5 min were 86.0 %,
42.1 %, and 16.9 %, and 36.2 %, 28.7 %, and 9.6 %;
ID, (95 % CL) were 0.64 (0.54- 0.76) and 1.02 (0.88-
1.18) mg/kg, respectively. Mean increase of R, and
reduction response of C,, from 1 to 30 min were
62 %116 %, 39 %+12 %, and 16 %+10 % and 32 %+
5%, 19 %5 %, and 14 %12 %; 1D, (95 % CL) were
0.96 (0.86- 1.07) and 1.59 (1.32- 1.92) mg/kg, respec-
tively (Fig1). R, R-FMT, 0.25, 0.5 and 1.0 mg/kg ad-
ministered by i g produced dose-related inhibition of
the bronchoconstrictive responses to aerosolised
ovabumin. Maximal increase of R, andreduction re-
sponse of Cy,, at 5 min were 103.6 %, 68.6 %, and
24.7 % and 39.6 %, 21.9 %, and 13.6 %, 1D.,(95 %
CL) were 0.46 (0.40- 0.53) and 0.52 (0.45- 0.61) mg/
kg, respectively. Mean increase of R, and reduction
response of C,,, from 1 to 30 min were 79 %24 %,
55 %+20 %, and 22 %+4 % and 29 %+9 % , 19 %+
4 %, and 9 %=3 %; | D, (95 % CL) were 0.52 (0.45-
0.59) and 0.43 (0.37-0.51) mg/kg, respectively
(Fig2).

Antigen-induced changes of airway inflamma-
tory cells in BALF In sensitized mice, after 7x oval-
bumin-aerosol challenge, antigen induced a s gnificant
increase of inflammatory cellsin BALF. The number
of inflammatory cellsin BALF in antigen chalenged
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Fig 1. Effect of formoterol on lung resistance and dynamic
lung complian ce challenged with ovalbumin aerosol in sen-
sitized guinea pigs. Saline (), Rac-formoterol 0.5 mg/kg
(M), Rac-formoterol 1.0 mg/kg (¥ ), Rac-formoterol 2.0 mg/
kg (O), ig 1 h before exposure to ovalbumin aerosol. n=8
guinea pigs. MeanSD. "P<0.05, °P<0.01 vs saline.

groupwas significantly higher than that in control group
(P<0.01). Rac-FMT and R,R-FMT caused a dose-
dependent and almost complete inhibition at 2.0 mg/kg
(Tab 1). 1D.,(95 % CL) of rac-FMT on the number of
totd inflanmatory cells, eosinophil, and lymphocyteand
macrophagein BALF were 1.48 (1.22- 1.81) , 0.80
(0.62- 1.04), and 1.73 (1.45- 2.05) mg/kg, respedtively.
D, (95 % CL) of R, R-FMT were 0.80 (0.57- 1.13),
0.60 (0.43- 0.83), and 0.79 (0.52- 1.21) mg/kg, respec-
tively (Tab 1).

DISCUSSION

Rac-FMT contains two chird carbons and,
therefore, the synthetic molecular product contains two
enantiomers (RR and SS) and two diasereomers (RS
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Fig 2. Effect of R, R-formoterol on lung resistance and dynamic lung compliance challenged with ovalbumin aerosol in
sensitized guinea pigs. Saline (), R,R-formoterol 0.25 mg/kg (M), R, R-formoterol 0.5 mg/kg (X ), R,R-formoterol 1.0 mg/
kg (0), ig 1 h before exposure to ovalbumin aerosol. #n=8 guinea pigs. Mean+SD. "P<0.05, ‘P<0.01 vs saline.

Tab 1. Inhibition of antigen-induced lung inflammatory cells in bronchoalveolar lavage fluid by rac-formoterol and
R,R-formoterol. Mean<SD. "P<0.05, ‘P<0.01 vs saline. ‘P<0.05 vs rac-FMT 1.0 mg/kg.

10%x% 10%x% 10%x% 10%%

Groups Dose n Total cells/L™* Eosinophil/L™* Neutrophil/L™ Lymphocyte and
macrophage/L™

Control 8 1.0£0.3° 0.1+0.3° 0.7+0.4°
Sdine 10 mL/kgx7d 10 4.4+2.2 1.6+0.6 0.8+0.7 2.0+0.9
rac-FMT 0.5 mg/kgx7d 10 3.61£2.2 0.9+0.7° 0.9+0.8 1.8+1.2
rac-FMT 1.0 mg/kgx7d 10 3.0+£1.6 0.8+0.6° 0.620.9 1.6£0.5
rac-FMT 2.0 mg/kgx7d 10 1.740.7° 0.4+0.4° 0.5+0.6° 0.8+0.4°
RR-FMT 0.5 mg/kgx7d 11 2.6+0.8° 0.8+0.5° 0.7+0.4 1.1+0.5°
RR-FMT 1.0 mg/kgx7d 11 2.1+0.8° 0.6+0.4° 0.5+0.5° 1.0£0.4°¢
RR-FMT 2.0 mg/kgx7d 10 1.540.5° 0.3+0.2° 0.5+0.3° 0.7+0.5°

and SR). The marketed product contains only the
(RR)- and (SS)-non-superimposabl e enantiomers. Since
rac-FMT is a 50:50 mixture of the two enantiomers,
the disomer (S,S-FMT) isinactive a the same dose of
the eutomer which showed activity and the eudismic
ratio is close to 1000, the result is exactly to be
expected. In our results, rac-FMT and R,R-FMT
present dose-rel ated inhibition of the bronchooondrictive
responsesand airway inflammation to aerosolised oval -
bumin in the athma models of guinea pig and mouse.
ID,value of rac-FMT is approximately two-fold than
that of R,R-FMT, which showsthe bronchodilating and

antiinflammatory effectsof the eutomer, R, R-FMT, are
qualitatively smilar to those of racemicrac-FMT, that
at ahaf dose of theracemate the eutomer hasa Smilar
effect. Thus, the bronchodilating and antii nflanma:
tory effectsof the racemate can be attributed entirely
to the R, R-enantiomers. Waldeck found that the (R, R)-
enanti omer was by far the most potent. However, the
relative potencies obtained for the (R,S)-, (S,R)-, and
(S,5)-isomerswere critically dependent on the degree
of enantiomeric purity!™. The results suggest the rela-
tive potency as that of receptor binding affinities.
Handley and his colleagues described the binding affini-
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ties (k,) of R,R-FMT and S, S-FMT for the b, receptor
were 2.9 nmol and 3100 nmol, respectively, whereas
the k, for rac-FMT was 5.2 nmol. Therefore,
R,R-FMT is 1000-fold than that of S,S-FMT and
2-fold than that of receptor-binding activity of rac-
FMTX. However, the presence of the distomer in the
racematedoes not influence the bronchodilating and an-
tiinflammatory activity of the eutomer. Similar find-
ingswere reported from in vivo anti-bronchocondrictive
activity in monkey'” and, from in vitro studies with
animal tissues®® and, more recently, from an anayss
of the relaxart activities of the enantiomersof rac-FMT
againg resting tone and high tone induced by histamine
and carbamylcholinein isolated Eurasian'® and Chinese
bronchi (unpublished data made by our Lab).
Collectively, the resultsindicate that R,R-FMT would
offer no benefit over the racemic mixture asfar asthe
bronchodilating and antiinflammatory activity is con-
cerned except that the dose could be halved. However
it should be emphas zed, the possibility of disadvan-
tages or adverse effects of the disomer cannot be ruled
out here.

In summary R, R-FMT protects lung againg in-
crease of R, and reduction of C,,, induced by bronchial
challenge of ovalbumin in the asthma mode of guinea
pig, and inhibits airway inflanmation in the sensitized
mouse. Efficacy of R,R-FMT is approximatey two-
fold than that of rac-FMT. The bronchodilating and
antiinflammatory activity of rac-FMT resdesinthe
R, R-enantiomers and S, S-enantiomer s does not inter-
fere with the activity when present in theracemic form.
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